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ABSTRACT

This document describes the software required to automate the acquisition,
analysis and display of the prime data for the X-ray Polarimeter Experiment
(FPE 5.1). In addition, software to generate simulated input to test the
experiment software is described. This work was performed under contract
number NAS8-25471 for the Computation Laboratory of the George C. Marshall
Space Flight Center, Huntsville, Alabama. -
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SECTION 1. INTRODUCTION

This report is one of two produced during the extension of NASA study contract
NAS8-25471, "Analyses of the Requirements for Computer Control and Data
Processing Experiment Subsystems." A second report, SDC document

TM- (L)~HU-033/004/00 entitled "Experiment Support Software Techniques Analysis
(FPE 5.3A)," describes the software techniques applicable to Space Station
experiment FPE 5.3A - Solar Imaging X-ray Telescope. Both reports were
prepared by the System Development Corporation's Huntsville Space Projects
staff.

This report describes and documents the software required to analyze the

primary data of the X-ray Polarimeter Experiment (FPE 5.1). Software specifications
were presented in SDC document TM-(L)-HU-033/001/00, dated October 15, 1970.

A description of the experiment procedure and hardware is contained in SDC

document TM-(L)-HU-033/000/00, dated May 15, 1970.

This report is presented in two parts:

1) X-ray Polarimeter Experiment Program

2) Data Generation Program

1.1 Use of Existing Software

All programs were coded in FORTRAN IV and were tested and run on the MSFC

IBM 7094 computer. Where possible, use was made of existing library routines

including:
QUIK3V - SC-4020 plot routine
BIT - Logical bit testing function

CTOBCD = Convert to binary routine

BIN ~ AND/OR routine

_LAGRNG - Légrangian interpolation routine
EVAL -~ Power spectrum routine

HARM ~ Harmonic analysis (FFT) routine
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LSF - Bit manipulation routine
FLD - Bit transfer routine
RANDOM - Random number generator
\
PDUMP - Partial core dump

Subroutines EVAL, HARM and LSF are not standard library routines but were made
available by the MSFC Computation Laboratory personnel. Brief descriptions
of these three routines are included herein. Descriptions of other library

routines may be found in the MSFC IBM 7094 Preliminary Reference Manual.

1.2 Description of Experiment

The X-ray polarimeter experiment hardware consists of the optics and instru-—
mentation necessary to determine the degree of pdlarization of X-ray celestial
sources. The polarimeter is located at the focal point of a large grazing
incidence X-ray telescope. Data is collected in electronic format and is
processed in real time on board the Space Station. Two types of data are
considered-—-polarimeter and pulsar. Polarimeter data is analyzed to determine
the degree of polarization and the intensity of the X-ray source. Pulsar

data is analyzed to determine if an X-ray source is a pulsar, and if so, the
frequency of pulsation is calculated. Analyzed data is presented in both
graphic and tabular format. (For a more detailed explanation of the experiment,
see SDC document TM-(L)-HU-033/000/00.)

The software described in Section 2 is limited to that required for acquisitionm,
analysis and display of primary data. Section 3 describes the software to
simulate the output of the polarimeter experiment. This simulated data serves

as input to the experiment program.
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SECTION 2. X-RAY POLARIMETER EXPERTMENT PROGRAM

The X-ray Polarimeter Experiment Program acquires, analyzes and displays the

primary data from the X-ray polarimeter and pulsar mode counter.

2.1 Input Parameters

Experiment control parameters input by cards in NAMELIST format are:

NS — Number of Sources

NP - Plot Flag (1 = Plot all Levels of Intensity
0 = Plot Cumulative Only)

ID - Source Identification

RAHR - Right Ascension (Hours)

RAMIN - Right Ascension (Minutes)

DDEG - Declination (Degrees)

DMIN - Declination (Minutes)

OBSTIM - Observation Time

BTP - Beginning Table Position (Degrees)

ETP - Ending Table Position (Degrees)

TSS - Table Step Size (Degrees)

Simulated polarimeter data is input from tape (channel A5) in the following

format:

Data Counts Table position 1

Beam Counts

Data Counts Table position 2

'Beam Counts

Data Counts Table position n

Beam Counts
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Simulated pulsar data is input from tape (channel A6) in bit string format as

follows:

Word 1 0010110 ... A
2
. <:;’ ::= >1st second of observation

28 %J

. ‘57 » 2nd second of observation

28 Wi

SN NN

Pulsar data is in blocks of 1000 bits—-where 1 bit represents 1 millisecond of
observation. The data is packed so that the entire block is stored in 28
thirty-six bit words. The least significant 8 bits of the 28th word are not used.

2,2 Program Flow

Figure 2-1 presents the general flow of the X-ray polarimeter experiment program.

2.3 Subroutines

CAMRAV - Open SC-4020 file

INIT =~ Initialize experiment parameters
PULDAQ = Pulsar data acquisition

PULDAN - Pulsar data analysis

PULDDI - Pulsar data display

POLDAQ - Polarimeter data acquisition
POLDDP -~ Polarimeter data display

SUMUP - Experiment summary

CLEAN - Close SC~4020 file
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Figure 2-1. General Flow for Simulated Experiment
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CAMRAV and CLEAN are part of the SC-4020 QUIK package. All other subroutines

were developed as part of this contract and are documented in this section.
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Purpose:

Usage:

Input:

System Development Corporation
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Subroutine INIT

Subroutine INIT inputs. all experiment control variables and
initializes the experiment variable table, EVART.

CALL INIT (NS, EVART, NP)

NS ~ Number of sources

EVART - Experiment variable table

NP - Plot flag

Input to subroutine INIT is by card in NAMELIST format.

NS = Number of Sources

NP -~ Plot Flag (1 = Plot all Levels of Intensity
0 = Plot Cumulative Only)

D ~ Source Identification

RAHR -~ Right Ascension (Hours)

RAMIN =~ Right Ascension (Minutes)

DDEG =~ Declination (Degrees)

DMIN -~ Declination (Minutes)

OBSTIM -~ Observation Time

BTP ~ Beginning Table Position (Degrees)

ETP ~ Ending Table Position (Degrees)

TSS ~ Table Step Size (Degrees)

All of the above input items are stored in table EVART except
NS and NP.

Since NAMELIST does not provide for BCD input, the source

identification is input in code format as follows:
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1 - Tau X~-1 16 - Lup XR-1 31 - Oph XR-2
2 - Vir XR-1 17 - Nor XR-2 32 - Sco XR-3
3 - Cen XR-2 18 - Sco X2 33 - GX 949
4 - Sco X-1 19 - Ara XR-1 34 - Oph XR-1
5 - Sco XR-2 20 - GX-5.6 35 - Sco XR-5
6 - GX 3+1 21 - Sgr XR-1 36 - Sco XR-6
7 - GX 5-1 22 - Ser XR-1 37 - Lyr XR~1
8 - GX 9+1 23 - Cep XR-1 38 - Sgr XR-5
9 - Sgr XR-2 24 - Leo XR-1 39 - Aql XR-1
10 - Ser XR-2 25 - Cen XR-3 40 - Cyg XR-3
11 - Cyg XR-1 26 - Cen XR-1 41 - Cyg X-3
12 - Cyg X-4 27 - Nor XR-1 42 - Vul XR-1
13 - Cyg XR-2 28 - Sco XBR-4 43 - Lac XR-1
14 ~ Cas XR-1 29 - L7 44 - Cep XR-~2
15 - Vel XR-1 30 - L8 45 - Cep XR-3
Storage: 370

(8
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Purpose:

Usage:

Method:

Subroutines:

Storage:

Subroutine PULDAQ

Subroutine PULDAQ acquires pulsar data from tape and converts

it from bit to word format.

CALL PULDAQ (I, PULDT)

1 ~ Source index

PULDT - Pulsar data table

Pulsar data is read from tape in string format where 1 bit
represents 1 millisecond of observation. The data is unpacked

to 1 bit per word to facilitate later analysis.

\
et

/
H

v
o

Input data string VAbf”bA*\/\V\\/\V

1010001111100101110001011110101110
BIT (Logical bit testing routine)

21368
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Read block
of pulsar
data

_ L
Initialize
word counter
loop

J = 1-+28

>

Initialize
bit counter
loop
K = 1+36

e s

Set output
=0

Is

bit K
of word J

=17

Set output
=1

Figure 2-2. Subroutine PULDAQ
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Purpose:

Usage:

Method:

Subroutine PULDAN

Subroutine PULDAN detects X-ray pulsations and determines the

approximate pulsation period.

CALL PULDAN (I, PULDT, DUMMY, KFLAG, POWSP, TOP10, KTOP10)

I Source index

PULDT - Pulsar data table

DUMMY = Duplicate of pulsar data table required by FFT
KFLAG = Pulsar indicator (1 = pulsar, 0 = no pulsar)
POWSP - Power spectrum of pulsar data

TOP10 - Ten highest amplitudes of power spectrum
KTOP10 Index of 10 highest amplitudes

The method used to detect pulsars and to estimate their
fundamental frequency is an application of a Cooley-Tukey type
Fast Fourier Transform (FFT) to obtain a power spectrum of the
detected X-radiation. The pulse train of unity amplitude serves
as the input to the FFT which produces cosine and sine amplitude

coefficients:
2 N-1
Ar =5 I Xk (cos2nrk/N) r=0, 1, ¢o., N-1
k=0
2 N-1
B. =% EO X (sin2wrk/N) r=0,1, .00, N~1

where Ar and Br are the rEh coefficients, Xk denotes the k—Eh

sample of the time series of N samples.

From the cosine and sine amplitude coefficients, a set of power
amplitudes is computed as
(Ar + jBr)(Af - jBr)

T

where T is the number of time increments in the sample and

§=VT

PA =
T
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Subroutines:

Storage:

The spectrum of power amplitudes is sorted to isolate the
frequencies at which the amplitudes are the highest. The
10 highest amplitudes are summed and if the resulting value
is greater than 5% of the sum of all amplitudes, the source
is considered a pulsar. The frequency at which the power
amplitude is the greatest is the fundamental frequency of

the X-ray source.

EVAL (Power spectrum density)

225(8

\
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( Enter >
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sum of all power amplitudes
N-1
SPA= I PA_ /N

r=0

o
TA(K,1)

No
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Set pulsar

K=1 >(.05)SPA2

Set pulsar
flag.
PF = 1

flag
PF =0

‘ Exit ’

Figure 2-3. Subroutine PULDAN

b i
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Subroutine EVAL

Purpose: Subroutine EVAL calculates the power spectrum using the real

and imaginary arrays.

Usage: CALL EVAL (X1, X2, N, SR, Y1)

X1 = Input data for the first data array.

X2 - Input data for the second data array.

N - The number of points in the X1 and X2 arrays where N <
212. If N is not a power of 2, the value of N will be
set to a negative value on error return and the routine
will not calculate the power spectrum.

SR - The sample rate for the data.

Yl - The cross power spectrum array containing N spectral

estimates.

Subroutines: HARM (Subroutine HARM is an IBM Share routine which has been
converted to the IBM-7094.)

LSF (The subroutine LSF is a bit manipulation routine with
entry points IRS and INVERT.)

Restrictions: 1. Subfoutine EVAL removes the mean from the X1 and X2 data
arrays before the cross power spectrum is calculated.
2. After a successful call to EVAL, the data is destroyed
in the X1 and X2 data arrays.
3. A flag can be set in the routine to aid in program checkout
by printing the power spectrum for each data array.
4. 1If the contents of X1 and X2 data arrays contain the same

data, the Yl array will be a single power spectrum.

Storage: !501(
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Subroutine LSF

Purpose: Subroutine LSF moves a string of bits left, right, or produces

a mirror image for N bits where N < 32.

Usage: CALL LSF (IWORD, NBITS)

IWORD - The routine will move a string of bits in IWORD to the
left.
NBITS — The number of places to move the string of bits in IWORD.

Entry Point II
CALL IRS (IWORD, NBITS)

IWORD - The entry IRS will move a string of bits in IWORD to the
right.
NBITS - The number of places to move the string of bits in IWORD.

Entry Point III
CALL INVERT (IWORD, NBITS)
IWORD - The entry will invert a string of bits to produce a

mirror image.
NBITS - The number of bits in IWORD to invert.

Storage: 216(8
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Purpose:

Usage:

Output:

Subroutines:

Storage:

Subroutine PULDDI

Subroutine PULDDI presents the analyzed pulsar data in graphic

form.

CALL PULDDI (I, EVART, POWSP, TOP10, KTOP10, X, Y, DOMFRQ)

I - Source index

EVART - Experiment variable table

POWSP - Power spectrum of pulsar data
TOP10 -~ Amplitude of 10 highest frequencies
KTOP10 - Index of 10 highest amplitudes

X - Working storage array

Y — Working storage array

DOMFRQ - Dominant frequency

The SC-4020 plotter is used as the output device for plots of

the power spectrum of the pulsar data. See Figure 2-7.

CTOBCD (Convert to BCD)
QUIK3V (SC-4020 plot routine)

411(8
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Purpose:

Usage:

Method:

Subroutine POLDAQ

Subroutine POLDAQ acquires from tape, edits and maintains

cummulative totals of the polarimeter data.

CALL POLDAQ (I, J, POLDT)

I - Source index
J - Polarimeter table position index
POLDT -~ Polarimeter data table

Polarimeter data is read from tape, extraneous bits stripped

off and the resulting values stored in table POLDT as follows:

e table position m J‘"
®e source #

Y Data counts

Source 1
cumulative
totals of
-_—'polarimeter ///
scaler data =1
— for table —

position 1 -

> Beam counts
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&

Subroutines: BIN (AND operator)

Storage: 174(8
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ment L+8 with
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I

Add results
to
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No

Yes

Overflow?

Figure 2-4. Subroutine POLDAQ
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Purpose:

Usage:

Method:

Qutput:

Subroutines:

Storage:

Subroutine POLDDP

Subroutine POLDDP formats and presents the polarimeter data in
graphic form.

CALL POLDDP (I, POLDT, EVART, NP, DEGPOL, PM)

I o Source index

POLDT - Polarimeter data table

EVART - Experiment variable table

NP - Plot flag

DEGPOL - Degree of polarization

PM - Angle of maximum polarization

Degree of polarization is calculated as

_ max - min

= hax + min * 100.

Angle of maximum polarization is determined by interpolation.
The $C-4020 is used as the output device. See Figure 2-8,
CTOBCD (Convert to BCD)

LAGRNG (Lagrangian interpolation)

QUIK3V (SC-4020 plot routine)

1075(8
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( Enter )

Calculate
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levels of
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Fange of table
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l
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MAX-MIN
TV ——

Interpolate
for angle of
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required
plots

Figure 2-5.

‘ Exit l }
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Subroutine POLDDP
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Purpose:

Usage:

Qutput:

Storage:

S/

Subroutine SUMUP

Subroutine SUMUP outputs a summary of the total observation of

each source.

CALL SUMUP (I, EVART, POLDT, TOP10, KTOP10, DEGPOL, PM, KFLAG,
DOMFRQ)

I - Source index

EVART - Experiment variable table

POLDT =~ Polarimeter data table

TOP10 =~ Ten highest amplitudes of power spectrum
KTOP10 - Index of ten highest amplitudes

DEGPOL - Degree of polarization

PM - Angle of maximum polarization

KFLAG - Pulsar indicator
DOMFRQ - Dominant frequency

See Figures 2-20 through 2-23.

624(8
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2.4 Sample Input
Card input for 4 sample X-ray sources is presented in Figure .

$DATA
$NAMI
NS = 4
NP = 1%
$NAM2
ID =2
RAHR = 12.
RAMIN = 30.7
DDEG = 12.
DMIN = 30.
0BSTIM = 20.
BTP

= 0
= 350.
TSS = 10.$
SNAM2
ID = 18

Figure 2-6.

Number of Sources and Plot Flag

;

> Source 1
7
N

S Source 2
7
N

> Source 3
/
N

> Source 4
v

Sample Experiment Program Input
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2.5 Sample Output

Output for 4 sample X-ray sources is presented in Figures 2-7 through 2-19.

293

o
sa

Mi2029 L
o2

30

29

12

§ i

<0t2
-0193
<008
308
<0
« 338

_1 €T JmPI0W

Figure 2-7. Power Spectrum of Pulsar Data - Source 1

4,9 CP3)

(DOMINANT FREQUENCY =~

FREQUENCY - SOURCE VIR XR-1
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Figure 2-9. Power Spectrum of Pulsar Data - Source 2
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Figure 2-13., Intensity Level 4, Polarimeter Data Counts - Source 3



43227 L
299

23

~

System Development Corporation

March 15, 1971 2-29 TM-(L)~HU-033/003/00
\‘\\
v =

\
//'

Lt —
e -

L

\L
s & 2§ § § ¥ & § § ¥
FERE X &4 ¢ BZPWENeE P JWdPWL W

WwODzE® wnOS® [T - -] NWWOZON Ok O0DAWMEZSPLP=QI

Figure 2-14. Intensity Level 5, Polarimeter Data Counts - Source 3
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VoSt VATIOHN

SUURCEL = VIn =]
LOCAT juN - Rlorl ASCENDLOUY 12e HUURD, 31 MINWUTES
JLCLINATIUN 12de UEGHRLES, 30« MINUTES

OBSERVATiun TINE =

KeAY FPOLARLZATION

peGlanviio

Eivblwe TABLE POSIVIiun

TapLe STEP 314E

23

TAgLy POSITION

SECOWDS AT EACH Taolt POSITION

O+ DEOREEDS

350« UEGREES

13s DEOGREED

ANGLE OF MAX{MUN PULARLZATION - 391 LDEGREES
phGeree OF POLARIZATIUN = 35¢3 PERCENT
AeRAY LHTENSITY
DATA COUNTS BEAM COUNTS
LEVEL NUMBLER PERCENT NUMBER PERCENT
1 H21lH G el 3460 Fe9
2 3999 § 70 60u0 174
3 19399 £ e} 18155 296 )
H 214981 Hleb 14531 4i+6
5 895 1/ 544 leb
) 374 Oe7 15 de b
7 0 D.D D U.D
8 a el 0 G0
XekpAY PULSATION
THIS SOUUKCE aFFEARS TU BE A PULSAR #1TH A

FREWUENCY GF 4etb CYCLES Ptr SECONuY

Figure 2-20.

Observation Summary - Source 1
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SUMMARY GF ObSeErRVATIGN

SuURCE =  5C0 Xx=¢

LOCATEION = RIGHT ASCENSIUN 16s HOUOURS, 53« MINUTES
DECLINATION =4Je DEGREES, Oo MINUTES
OBSERVATIUN TIME = 10« SECUNDS AT EACH TABLE POSITION

XKeRAY FOLARLJZATION

bbGINNING TAglLE POSITION O« DEGREES

ehDInG TABLE POSITION 350s DEGREES

TABLL STEP 31ZE 10« DEGREES

ANGLE OF MAXINUM POLARIZATION = et DEGREES
beGREE OF POLARIZATION = 8leb PERCENT

XeRAY INTENSITY

DATA COUNTS BEAM COUNTS
LEVEL NUMBER PERCENT NUMBER PERCENT
1 C 0.0 24 Gel
2 1778 b3 2513 6e5
3 11064 3962 14851 3843
4 7222 2506 10030 25.9
5 5166 18e3 7131 1844
6 2685 Yeh 3814 968
7 302 1sl 432 1ol
8 G 0«0 0 Gel

XeRAY PULSATION

THIS SGURCE APPEARS TO BE A PULSAR WiTH A
FREWUENCY OF Jebb6 CYCLES PER SECONUL

Figure 2-21. Observation Summary - Source 2
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SUMMARY UF OBSERVATION

SOURCEL = SGR XR~}

LOCATJUN RIGHT ASCENSION 17« HUURS, fose MINUTES
PDECLINATION =30« LEGREES, O« MINUTES

OBSERVATIuUN TIME = 20+ SECONDS QT EACH TAaslLe POSITION

XK=RAY POLARIZATIUN

BEGINNING TABLE POSITION L Qe LEGREES

ENDInG TABLE POSITION . 350 DEGREES

: /

1ABLE STEP SIZE 10s DEGREES

ANGLE OF MAXiMUM POLARIZATION = 201+5 DEGREES

CK=RAY

DEGRet OF POLARIZATION = 6708 PERCENT
INTENSITY
DATA COUNTS BEAM COUNTS
LEVEL NUMBER PERCENT NUMBER PERCENT
1 C D0 o 0.0
2 0 Ce 0 0s0
3 g 8.0 0 8,0
4 3112 Lot 2641 1.8
5 29512 170 25286 1669
6 108626 6305 95273 6367
7 26519 1409 2227% 1469
B 4822 248 4145 2.8

XKeBRAY PULSATION

THIS SUURCE APPEARS TO BE A PULSAR WITH A
FREQUuNCY OF 77 CYCLES PER SECOND

Figure 2-22. Observation Summary - Source 3
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SUMMARY OF OBsErRVATION

SQURCE = CYG XR=g

LOCATION = RlaAT ASCENSION 21e¢ HOURS, 43¢ MINUTLES
DECLINATION 48 DEGREES, 5 MINUTES
OBSERVATIUN TIHE = lbe SECONDS AT EACH TABLE POSITION

X=RAY POLARIZATION

BEGINWING TAgLE POSITION Us DEGRELD

ENDING TABLE PUSITION 175+ DEGREES

TABLE STEP SILZE S5« DEGREEDS

ANGLE OF MAXIMUM POLARIZATION = 28+8 DEGREES
DEGREE OF POLARIZATION = [6eH5 PERCENT

K=RAY INTENSITY

DATA COUNTS BEAM COUNTS
LEVEL NUMBER PERCENT NUMBER PERCENT
1 208854 870 47137 8748
2 29123 120} 62468 11e7
3 2182 Ce9 245 0.5
q \ 0 O'D D G-C)
5 Q 00 0 0.0
6 0 0«0 0 0.0
7 a 0.0 o 0.0
8 Q 00 0 G.0

A=RAY PULSATION

THIS SOURCE APPEARS 70 BE A PULSAR WITH A
FREQUENCY OF 1807 CYCLES PER SECOND

Figure 2-23. Observation Summary — Source 4
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2.6 Program Listing

SIMULATEL A=RAY POLARIMETER EXPERIMENT
KEN BAULK = SYSTEM DEVELOPFMENT CORPORATION, HUNTSVILLE, ALABAMA
PHUnk 539=/711

THIS PROGRAM SIMULATES ThnE PROUCESSING OF PRIME DATA FROM THE
K=KaY POLARIMETER ASSOCIATED WITH A PROPOUSED SPACE STATION
EXFLRIMENT = FPE Sele

OHDOOHNHNOO O N

DINMLNSTON EVART(9,12)
DIMENSTION POULLT(43360216)
LIMENSION PULLT(H097)
ODIMENSION BuMMY(4097)
DIMLNSION PUWSP(4097)
PIMLNSION ToPLQOLD)
DIMENSION KTOPLIC(L10)
C
INTEGER POLDT
C
CoveoeINITIALIZE SC 4020
CALL CAMRAV({9)
C
Coseoal NPUT EXPER{MENT CONTROL PARAMETERS
CALL INIT, (NS,EVART NP}
C
CoeoeosINITIALIZE SOURCE LQOP
00 300 I=1anS
C
CaooaeClLEAK PULDT AND PULDT TABLES
uQ 30 K=114
L0 30 L=1136
DO 30 M=lslé
30 POLOUTIKyLyM) = D
DO H4O K=144096
40 PULLTIK) = Qo
C
Cesoeel NITIALIZE TABLE POUSITION LOQOP
NTP = EVART(I,12)
o= ]
C
CesosoelNITIALIZE PULSAR DATA ACQUISITION LOOP AND ACQUIRE DATA
VO 100 K=]l5
100 CALL PULDAG (K,FULDT)
C
CeosoeaPULSAR DATA ANALYSIS
CALL PULDAN (] sPULDTsDUMMY sKFLAGsPOWSPTOPIO,,KTOPLIO)
C
CeoeeslF NU PULSAR, DO NOT PLOT
IF (KFLAGeEwas0) GO 7O 200
C
CoenesosPULSAR DATA DISPLAY
CALL PULDDI {1 ,EVART,PONSPsTOPIDsKTOPLO,PULDT 4DUMMY ,DOMFRG)
C .
CosoanACHUIRE POLARIMETER DATA FOR SOURCE L, TABLE POSITION J
200 CALL POLOAY (lsJaPUyDT)
¢
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Ceosonel NCREMENT TablLE POSITION
J oz J+l
IF (JelLeNTP) GO TO 200
C
CoeoenoPOLARIMETER DATA DISPLAY
CALL POLDDP (]sPOLDTSEVARTsnPDEGPOL PN
C
CeovoovedUMMATION FUK SQURCE 1
CALL SUmMUP (1.EVART,POLDT.TOPlOaKTOPIG.DEGPOL,PM,KFLAGpDOMFRQ)
JuD CONTINUE
C
CooensllLUSE SC=4020 FILE
CaLL CLEAN
STUP
END
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CoensolPARAMETER InIVIALIZATION SUBROUTINE
SUBKUUTINE INIT (NS,EVARY NP}

C
DIMENSION EVART(4,12)
DINENSTON SHANE(90)
C .
IntTeoeR POLLTYT
C
VATA plAnNKS/eH /
VATA SNANWME/
loH TAU Xp,bH=1 sbH VIK XjohiR=| s0H CEN X,&4HR=2 .
26H 300 XjybH=] sbH SCU X, 6HR=2 sGH GX 3+,6H1 N
JO6H uA B=y4i) p0 GX P4+ ,060 ) p6H DSGR A, ,6HR=2 3
46H SER Kpbhik=2 s CYQ Xyalin=] soH CYG X, bH=4 N
BoH CYG XrbHi=2 s 6H CAS Xjpalk=1 26H VEL X,4HR=) s
ooH LUP AybliKk=]} 2 6H HOK Xyo6HK=2 1 6H SCO X,6H=2 ?
76H ARA XjypbHR=] y6H GX =B ,46Heb goH SGR X, 46HR=~} ’
B6H SEnr XjybliRk=} 161 CEP Xas6HK=] sbH LEO X,6HR=} )
Y6H CEN KybHKR=3  ,6H CEN XsoHR=1 y6H NOR X,6HR=1 .
16H 5C0 XsyoHRr=4 en L7 1601 s61H L8 sy 6H ’
26H OPH Aj)bHR=2 16H SCU XsahK=3 2OoH GX 94,6HF s
J6H ubH XebHR=] 16 SCO Xa6HR=5 s6H 5C0 X, 6HR=p 9
46H LYK K3bHR=] 1610 SGR Xy 6HR=5 s6H AQL X ,6HR=] ’
H6H CYG XsbHR=J s6H CYG Xyoii=3 s6H VUL X,6HR=} N
66 LAC Ay6HR=] 16H CEP XiéeHR=2 soH CEP X,;46HR=3 /
C
NAMEL]ST /NAML/NSNP
NAMELLIST /NAM2/I0RAHR,RAMIN,DDEG,DMIN,OBSTIM,BTP,ETP,TSS
C
C INPUT VARIABLES
C
C NS - NUMBER UF SOQURCES
C NP - PLOT FLAG (1 = PLOUT ALL LEVELS OF INTENS]ITY
C 0 = FLOT CUMULATLIVE ONLY)
C D « SOURCE IDENTIFICATION
C RAMR - RIGHT ASCENSION (HOURS)
C KAMIN = RIGHT ASCENSION (MINUTES)
C LDEG - DECLINATION {DEGREES)
C UMIN = DECLINATION (MINUTES)
C UBSTIM = OBSERVATION TlMe
C BTP = BEGINNING TABLE POSITION (DEGREES)
C LTP = ENDING VABLE FPOSITION (DEGREES)
C T9% = TABLE STEP SIZE (DEGREES)
C
C ALL INPUT VARIABLES ARE STORED IN TabLE EVART EXCEPT NS AND NP
C
CosseeREAU NUMBER OF SOURCES AND PLOT FLAG

REAL (5,NAM})

CoseecINITIALIZE SOURCE INPUT LOOP
IF (NSeGle) NS = 4§
DO 100 1=1sNS

C

CeoseooREAV PARAMETERS FOR SOURCE |
READ (5,NANMZ)
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Kl = [bL#e=]
K2 = N1+

EVARI (I, 1) = SNAME(R]L)
EVART WL 2) = SNAMEIKZ)
EVART (I 3) = BLANKS
EVART (I ,4) = KAHR
EVART (I 51 = RAMIN
EVAKI(]l;61 = LUEG
EVART(1,7) = ULMIN
EVART(I,86) = OBSTIN
EVAKT1(1,9) = BTP

EVART{I,.10) = ETP

EVART (1,130 ) = TS5

EVART(]s12) = (ETP = BTP) / 7SS + |.0001
100 ConiTinNUE

KETURN

END
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CosasslPULDAR

C

100

2-43

DATA ACQUISITION SUBROUT]INE
SUBRUVUTINE PULDAR (I ,PULLT)
LOowlCaL Blld

LOWICAL A

DIMensION NjHN(28)
VIMENSTON PULDT(4097)

READ (10) (NIN(MI HN=]1,28)
VO 100 JF1 20

LO 100 K=1:136

L o= k=]

AE BITININGJI) L)
N = (I=11#1000 +
PULWBTAN) = Do

IF (X)) PULDTIN)Y = 1o

IF (JeEQe2BeANDaKeEQe2B)
IF (NeEQe4d096) RETURN
CONTINUE

RETURN

END

(J=1)¥36 + K

RETURN

System Development Corporation
TM- (L)~-HU-~033/003/00
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CesooslPUlnAin LDATA ANALYSLIS SULKUUTINE
SUbrRUUTINE PULDAN (] PULUT ,DUMMY ;KFLAG,POWSP , TOPIO,KTOPLO)

C
UIMenSTON PULLT(4097)
DIMLNSTON DUty (4097
LInenwailN PUuwsP{au97)
DIMeivaion Turlglilg:
DIMenaJuN KJOPLIQO10)
C

CrowoedET AnxKAY DuMpiY = PULDT
VU 100 K=1,40%6
DUuinnY{K) = PULDT(K)
00 CONT UL
C
CeoseeTAKL FOURIER TRANSFORM OF PULSAR DATA AND CONPUTE POWER
CeeoanasdPLCTRUNM DENSITY
CALL EVAL (PULDTDUMMY 4 4096,1008.,P0uSP)
C
CoooeeCALLULATE TOTAL POWER SPECTRUM DENSITY
10T % 0o
U0 200 K=2,2048
10T = TOT + POWSP(K)
200 CONTINUE
C
CeoveeoDETERHINE TOP 10 VALUES OF POWER SPECTRUM DENSITIES
DO 400 K=1510
TOPIU(K) = Do
VO 308 J=2,2048
IF (PUWSP(Jil«LT«TOPIOC(K)) Gu TO 300
TOPI0(K) = PURSP(J)
KTOPIO(K) = J
300 CONTINUE
L = KTOPIO(K)
POdSP L) = =~POWSP(L)
400  Cow inuL
C
CesaseRESET TOP 10 VALUES IN POWER SPECTRUM
D0 SUD K=1,10
L = &RTOPIC(K)
POwsP (L) = TOPLIO(K)
500 CONTIWNVE
C
CovseedUl TUP 10 POWER SPECTRUM DENSITIES
SUM = 0.
00 U0 K=1:10
5UM = SUM + TOPIQ(K)
600 LOWTinNUE

d
CeroassCHELKR FOR SuUM OF TOP 10 GREATER THAN SOME PERCENTAGE OF TOTAL
PCT = n05
RFLAG = 0
IF (SUMeGTeTOT#PCT) KFLAG = |
RETURN '

END
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2R aNaNaNaaNaNaNaleNaRaNaNaNaeNaNaNeNaNaNaNaNaRaNaNaNa!

SURRULUTINE EVALLXLsX2,N359RY )
IaM 7094 FAST FOURIER CONVERSIONWN
SYUBROUTINEG EVAL REMOVES THE HEAN FROm THE A} AND X2 ARRAYS

AND CALLS SUBROUTINE HARM. EVAL TAKELS THE Tw0 ARRAYS
RETURNED FROM HAKM AND CALCULATES THE POWER SPECTRUN,

INPUT

Al DATA FOR CHNL NU,4 ]

re VATA FOR ChNL NO, 2

N WUMBER GF POINTS TO TRANSFORM IN FFT
IF N IS NOT A POWER OF 2, N WILL BE SET 7O A NEGATIVE
VALUE AND RETURN TO THE CALLING PROGRAM.

SK SAMPLE RATE

Yi THE FOWER SPECTRuUM COMPUTED FROM THE FFT

IveBUG iS5 SET TO 1| FUR DEBUG PRINT

QuUTPUT

210
214

214

213

10

Y1 CROSS PSD

RIMENSION X1 (1) X2¢1L)
DImensIoN M(3)

DIMENSIUN Y1H(1)

10EpBULG=Q

VO 2130 I®ls12

V\TEMP=2%#]

IFineLEITEMP) GO TOQ 212
CONTINVE

Mily=1

[Fléesbi(l)eEQeN) GO TO 213
BRITE (6,214

FORMAT(34H #ea®e N ]S NOT A POWER QF 2 ##uxy)
e

GO 10U 25

Mi21=(

M{3)=0

NP =N

ANP=NP

remOVE MEAN FROM DATA

Tlspe G

T2=0e0

LO 10 Isl,N

Ti=1l+xil)

T2 7&+R2(1)

Ti=Ti1/ANP

V2=V ¢/ hRF
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15
217

220

8348
20
25

15, 1971 2-46

VL 1o I=1tgle
Ali,r=xi(l)=T1
A2UL)=Xxetl) =12

CALL HAKMIAL ,x2,M)
NOA=NP+]

Allnual=r](1)
A2{nba)l=x2(})

ANZ= | a0/ (ANF¥ANP)
Ab=aine e

T=CLel

PO 40U 1=i,NP

NDXsiNP=]+2
TI=(ALUII+XL(NDX) ) #ah
127 vA2(1)l=r i (NDA))*{=6eh)
é{=iK2(I)+XZ(NDX))*.5
L2 VALINDK =X () )#(mah)
hlsileZl+T2%22
H2=TlewZZ2=T2% L)
YI(1)SSURT(HI#H]I+H2#H2Z) %aB
IFLIVEBUG.EW,0) GO TO 20

CALCULATIUONS FOR DEBUG PRINT

F REEQUENCY

Al REAL ARRAY

Ad TMIGQINARY ARRAY

TEMPG PSD CHNL 1

TLMHP7 PSD CHML 2

Yl CRUSS P50
TEMPO=(TLI#T1+T2%T2)#AB
TEAP /=212 1+722+22)%AB
F=i~}

System Development Corporation
TM-(L)-HU-033/003/00

WRITE(6,8346) FaX1i1)y X201 ) sTEMPESTEMPZ Y10 )

FORIIATELIK,F15:23DE1407)
COnNTINUE

RETURN

ENu
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SUBKUUTINE HARMIARSAL M)

HARMUNTIC AWALYSIES SUBRUUTINE. EVALUATES COMPLEX FOURIER SERIES
ND=nwUe OF DIMHENSIONS
MECL)=L0G2N s ivI=N0e OF FTSe (N I=TH ULIRECTION, ORDEREU SO M(1) IS ™
ARG ) =REAL PART UF ACTIL1 31291 3) 31511+l 2%N1+]3eNleN2

AlTCL)I=IMAGe PART OF ALTL1,12,13)

ALL ARGUMENTS ARE TO BE 9tT BEFORE ENTRY. THE AR,As ARKRAYS ARE
REPLACED BY THE REAL AND IMAGINARY PARTS, RESPe OF THE FOURIER
SUMe

li»0] 12ad2 13=J3
A(Ul sd2eu3)=A(1)4312,013)%ul#*u2ewWl
SQUNMMEW OVER 11=CyNi=~1 1430 sN2=1,13=0sN3d=10

WHERE WISNIeTh KOOT OF UNITY
X(Jlsd2sd3) IS STORED IN LOCATION KsK]1+K2#*N]+K3*N}*N2Z WHERE
KlyKZ23K3 ARE OUBTAINED FROM JlyJd2ydd BY INVERTING THEIR BITS,.

[aNeNaNsEaRaN o aoNalN s aNaNaNaNaNalNala'

DIMENSTION ARCL)YALCL) oML
DIMENSION W{2Z),T(2} ,N{(3) +NP{(3)

EQUIVALENCE (N1 aN)»UNZH)NT2) )9 {N3HN(3))

NisgssM(1)
NZsz#ab (2)
N3sgzeep(3)
NPULI=N(L)
NPEZ)ISNOLI=NGZ)
NP3 =N(IY*NP(2)
DO 120 JD=1,3
MML=h (10 .
IF(nCi)=NEID))10,20520

10 WRIVELGE,12)H

12 FORMAT(27HOM(1) 1S NOT LARGEST: M(li= 315)
CALL EXIT

20 IF(MMLILI3INDS 130,430

30 IL=HPLI3Y=NP(ID)+!
NBIT=sMML
JBELishP(ID)
[pl=ublT
EN=UUIT
L1=62831853/FN

60 LLAST=MOID)
KLASTSD
KkbiI=hPLLID)
DO 110 1L6=1,LLAST
MML=MML>]
JBli=dBIT/2
JLEJbL [ T=1

C DO FUR K=Q

DO 70 I=1slLs101
JLAST=JL+]
VO 70 JslyJdlasT
yDBJ+JBIT
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70

72

8050

80
90

oo
114

120

130

TCl)®sAR(JO)

T(2)=n]l (YD)
Aktuul=sARId =T (1))
Altub)=alid)r=11(2)
AR(WI=ARIJI+T (1)
Altagl=AaltdlI+T1(2)
FFIRNLAST 100, 100,72
ARKsrnwl+l

DO 90 K=l KLAST
I1Bli=KkK=1

CALL [RSUIBIT MML)
CALL INVERTU(IBIT,,NBIT)
ITor=ibIT

EN=1TLF

ARGELL*FN
W(l)=COS(ARG)
W(Z)=SINLARG)
ILAST=sTL+KK

bO U I=KK3 ILAST D]
JLAST=JLY]

LO ol J=13JduLASsT
JD=u+JB1 T
TCL)SAR(JID I #wi (1) =Al(JDY*w(2)
Tl2i=aR{JD Y Wi (2)+AT (VD) ew (1)
AR(UU ) sAK(J) =T L}
AltJur=al(Jd)=7(2)
AR(GwI=ARIJ)+T {1
AT{UI=AT(J)I+T{2)
KKskn+KKD ]

END UF K LOGP
KKD1=KKDI/2
KLAST=2%KLAST+1

END uF L LOOP
CONTENVE ,

END JF 1D Luop
CONTINUE

PUT Iiv CORRECT ORDER
DO 40 J3d=1sN3
NBLIi=1(3)

135ud=]

12=43

CALL INVERT(I3:nBIT)
Jddd=l2

CALL LSFlJdu,H(2))
CALL LSFOI3,mM(2))
Ili=i3

VO 94 J2=1iid
NBLT=1(2)

12=di=]

CALL INVERT({[2:NBIT)
Jds=Jddd+yl=l

CALL LSFUJdJ ML)
Il=ij1+12

CALL LSFOILH¢Ldd
NBlT=H{L)

VO 40 Ji=],ynl

System Development Corporation
TM- (L)~HU-033/003/00
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133

40

Tl=al=|{

CALL INVERT (1lantBB1TH
JaJdutdl

=11+ 1l+1
LFU1~u)40,40,133
T(ly=AR(])

Tt2r=Aal L)

ARE{L)I=ARGJ)
Al(iL)=sAL L4
AR(U)I=T L)
Al(u1=T(&)
CONTINUE
RETURwN
END

System Development Corporation
TM~ (L)~-HU~033/003/00
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aNalaNa! o N aNaR ol al ol ol el

nonoon

10

2u

SUBRuUT e LS Ia0RD MBI ITS)

LOF LSF TAKEDS A STRING OF BITS FROM IwuxD AND RLESTURES

VO DLIFPERENT BIT PUSITIUONS iR [wOKkD LEFT SHIFTEU

fwORY CONTAINS TE bl STRING TU BE MOVED
TTER G THL RpUNbER UF BITS (i IWORD TO E MuVED
A=y

NAB=Sso=HB1 Ty

CALL FLDUIA,G,NAL ,HBITS,,1WURD)
lwOrv=]A

RETURRI

ENTnY IOQS(I‘MURD,NB‘TS)

IRS IRS TAKES A STRING OF BITS FROM IWORD AND wESTOKES
IN DIFFERENT BLIT PUSITIONS 1IN 1WORD RIGHT SHIFTED

VA=)

HADPD=36=NBITS

CALL FLODCOTASNBITSyNAB O, 1WORD)
fwunu=1A

RETuikN

ENTRY INVERT(IWORD NBITS)

INVERT INVERT QlVES A MIRROR [MAGE FOR A STRING OF NBITS
AND RESTORES THEM [N IWORD

IF(unlTSeENGQ) GO To 20
I1=3b

i2=36~N3 175

la=1]

RO jJ J=l,NBiTS

CAaLl. FLDULA 12910411 ,1N0RD)
Il1=jl=]

12=12+1

lwuxkus=I1A

RE T UK

LNUD
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CGQGOQ

C

i

)

100

<l

Coavooo

300

400

FULSAR DAT
SUbhubU T vk

LIMUNDTON
il ON
Dlre s TUON
LimensiOn
DIteNSTON
LInkindTON
DIMENSTORN
DIMNENSTON

VATA ALADB/
EHCY -
UATA YLAB/

DATA FMT/6

C = 1000
NPP = 48<
NP2 = 2CC
DO 2UC k=1
Y(K} = o
vo 100 L=2
Moo= (R=})»
Y(k1 = YI{K
conlINUE
PR = K
Ak} = ((F
CONTINUE
SE1 uP PLO
Lo 300 k=1
XLAB(K+3)
Cunt inUE
ToP = KTOP
bOoMERG = T
CALL CT0BC
ALABLLL) =
CALL WUIK3
Al = KTGP1
IF tKlelTo
FK1 = Ki
Lo 400 K =
Frle = FKU
FK = K
X{K) = FKI}
CONTINUE
CAaLL WUIKJ
RETURN !
EnND

System Development Corporation
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A UISPLAY SUBKUUTNE
ruLbbl (1 EVART yPUWSP s TOPLIQsKTOP LG, Ky Y DUNFRWI

EvART(4,12)

PUwSFP L4097

TuF QLI
KTuplCi10)
A(HG9T7)

T(4097)
XLAR(12) s YLADB(LZ)
DEBCD(S)

T:HFRLQUENCY = S0URCE (DOMINANT FREQU .
cPsy)y /
7ehaMPLITUDE
/
HiFéelld/

/ HCFbe

y6b2

r 4
K
) + PUWSP (M)

Kels) * C # 34} ¢ tZy « )

T T1TLE
23
= EVART(1,K)

g1y = 1

op # C

D (WBCDWSDFBCD(1):FMT 1 ,DUMFR@)
DFBCDCL)

V (=1 3421 XKLAB s YLABs=NPPgX,Y)
G¢1) = 10

2) K1 = 2

1320C
*(

C + (FK=la)®(

Vo) 429 XLAB YLAB ,=NP23X (1) sPOBSP(KL))
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CeoaoePOLARIMEIER DATA ACQUISTITIUN SUBKQUTINE
SUBKROUTINE POLDAGWLT s JsPULDT)

C
IMLNSTIUN KDATALB)
DIHMENSTUN KBEAMIB)
UINLNSTON POLUT(4236516)
INTEGWER POLDT

C
DaTa KD/OLVT7777
VATA KB/OLT7/77/

C

CoeepodINPUT POLARIHMETER UATA FUR SOURCE 1, TABLE POSITION J
100 KEAU(BIKPOS,KOFF s (KDATA(M) 9yMB]1,8)  (KBEAM(M) sMm]8)
C
CovoeasoUNPALK POLARIMETER DATA
vl 200 L=l
CALL BIN (KDATA(L) 10+36,0,K0y1)
POLLT (I sdybk) = POLOT{Iydal) + KDATAL(L)
CALL BIN (KBEAM(L)D»36,05Kk891) .
FOLLT (I Jdeb+8) = POLDT(lsJob+8) + KBEAM(L)
200 CONTINUE
IF (NOFFeEW.1) GO TO 100
RETURN
END
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CoeeeePULARINETER DATA DISPLAY SUBROUTINE
(1l POLUT EVART yNP,UEGPOL ,PN)

SUBHLUUTINE
¢
VIMENDSTON
RINLINSTON
DimbnNsIOon
CIBLNSION
UIMENS]TON
PIMLNSLION
PIMeEnSTUN
LDIMENSTON
VIHLNSTON
DIMENSTON
DIMLWNS]TON
DIMENSTON
PIMENSTON

REAL LEVEL

INTEGER FQ
INTLWER CC

UATA CNTLA
JINTENSITY

VAT CCNTLB/72H

LUNULATIVE
ODATA TPLAB

2-53

PULDUP

PULpT (4,36,516)
EVART(Y9,:12)
TPOS(36)
LEF (B)
TRPLAB{12)
CiPLAB(12)
cehiILBlL2)
CHILABLIZ)
CNT(36)
TLMp (bl
LEVEL(8)
X(5)

Y(5)

LbT
NT

Bsr72H  X=RAY COUNTS FOR
LEVEL /
X=RAY COUNTS FOR
TOTALS /

/72HTABLE POS = SOUURCE

i vEe OF PoOL /

VATA
i

BATA
LATA
16H &
PATA
DATA

CTPLA

FMTZ2/

KONE/

KRFIVE
C

LEVEL /6H 1
X-L)

By72HTABLE POUSITION
/
6H(F&ael)/
y6H 4
e 6H 8 /
s
/’5/

CoooesClLEAR FLAGS FOR MULTILEVEL PLOTS

PO O K=l,

LPF{R) = 0

50
C
CooesaeSET NTP =

NTE =

COHTINUE

C

8

- SOURCE

,6H'5“m

System Development Corporation
TM~ (L)-HU-033/003/00

SECONDS OF OBSERVATION =

.SECONDS OF OBSERVATION .= _C..

ANG MaX POL

e g

796H74 l.bH'S m‘uo

NUMBER OF TABLE POSITIONS FOR SOURCE 1

EVART (I ,12)

CoooosCALCULATE CUMULATIVE TOTALS FOR Y AXIS

vg 100 K=}
CCnNT = O

DO 100 L=
CONT =
CHTI(K) = C

C

I NTP

¢ 8

CCNT + POLDT(I, KoL)

CNT

_c..,..SEr FLAG FOR MULTILEVEL PLUTS IF THERE 1S DATA FOR THAT LEVEL

IF (PULDTH
100 CONTINUE

C

Fekyh)eNELQ) LPFIL) = |
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CevecaadET UP X AALS VALUES

C

COOQ.Q

Co...o

c’.l.l

c

CroosaPLOT

200

240

250

260

1000

270

TS = LVART({,9)

V0 200 Kslanlp
TPOOIR) = Ty

TS = IS + BEVART(I 11}
COnriInNUE

ST up
TIML =
CALL LTusCo
CHTLAB(Y) = TEMP(L)
cenrle(4) = TEMP(L)

PLOT TITLES
EVART (] ,8)

CALCULATE DEGREE OF POLARIZATION

CMiN
CMA A
KMA A i

VU 250 K = 24NTP

IF (CHT(K)eLEoaCMAX)
CMAA = CNTH(K)

KMAX = K

COnNT INUE

IF (CHT(K)Y el TaCMIN)
ConrinuE
DEGPOL =
CALL CTOBCD
TPLAB(L2) =

CNT L))
CNT L)

ionu

G0 TO 240

TEMP L)

CMIN = CNT(K)

System Development Corporation
TM~(L)-HU-033/003/00

(NBCDWS , TEMPLL) FMT25 1 TIME)

((CMAX = CMIN) / (CHAX + CMIN))} ¢ 100
(NBCOWS yTEMP (1) 4FMT2,1DEGPOL)

CALCULATE AdGLE OF MAXIMUM POLARIZATION

KS = KMAX=2 )
IF (RMAXeLT43) KS = |}

IF (KHAXeGQTo (NTP=2}) KS = NTP=4

DO 260 K=slybh

XK(K) = TPOS(KS)

Y(K) = CHT(KS)

KS =3 KS+!

CONTINUE

PM = TPUS(KMAX)

CM = CNT(KMAX)

ARG = TPUS{KMAX)

STEP = »0‘

[F (Y(2)eGT,Y(4)) STEP &5 =o(Q]
ibug = 3 :
wOo 270 K=1:100

ARG = ARG + EVART(I,11)
CALL LAGRNG
IF (JERRWNE Q)
FORMAT
IF (ANSeGToCM)
IF (ANSeGTeCM)
CONTINUE

# STEP
WRITE (6,1000)

PM = ARG
CHM = ANS

(1 X3 33HERROR IN INTERPOLATION =

(ERR,JOUM yKONE JARG  KFIVE g X o KFIVE Y ANS)

ARG = ,E15,7)

CALL CTOBCD (NBCDWS,TEMP(1),FMT2,1,PM)

TPLAG(8) = TEMP(I}

CUMULATIVE
TPLAB(4) = EVART(I 1)

[ ————
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TRPLABIS) = EVARTU(I2)
CALL WUIN3V (=] 342, TPLAB;CCNTLB y=NTPsTPOS,CNT)
C
CeesoslHELNn FOR HULTIPLE PLOTS OF ALL INTENSITIES
IF (WPeEWas0) RETURN
C )
CoooosPLUT MULTIPLE PLOTS OF ALL INTENSITIES
DO 400 K=1y94
IF (LPF(K)sbya0) GO TO 4Q0
U0 JUQ L=lshIpP
CNTIL) = POLDT(l LK)
300 CowilnyE
CTPLABI(S) ® EVART(I 1)
CTPLABLA) = EVART{1,2)
CNTLAB(1R) = LEVEL(K)
CALL QUIK3V (=] y42:CTPLABICNTLAB s =NTPTPOS,CNT)
40p CONTINVUE
RETURN
END

4
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SUBROUTINE SURUpP

I DUNFKY)
DIHENSTON
DIiMi.ng TOR
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(1 EVARTyPULDT , TOPIOWKTOP 10 ,DEGPQOL ,PH¢KFLAG,

EvaRT(4412)
POLDT (4436516

DIMENSIUN TubkP10010) L
DIMLN3TON KTOPLIOLLD)

VIMLNSTIUN N(la) —
INTLUER POLDI

WRITE (o0sl00U) {(EVARTOL H)sM=1,11) =

1000 FORvAT (LH1,20X22HSUMMARY OF OBSERVATIUN////1X,10HSUURCE =

1 3A0//1X928HLOCATION = RIGHT ASCENSION3F5¢097H HOURS, sF 740, L
2 8H MINUTES// 14Xy L IHDECLINATIUNSF9e0s9H DEGREES ) sF5e0,8H MINUTES//
3 IX I9HOBSERVATION TIME = »F6e0,3]1H SECONDS AT EACH TABLE POSETION.
4 //7/719H X=RAY POLARIZATIUN//6X229HBEGINNING TABLE POSITION3sF640,
5 BH VEGREES//6Xs21HENDING TABLE POS1ITION.F9.0,8H DEGREES// L
6 6X,15HTABLL STEP SIZE,9A,F6:0,8H DEGREES///)

wRITE (621001) PHIDEGPOL -
1001 FORWAT (6X+s32HANGLE OF MAXIHMUM POLARIZATION = ,F7,1,8H DEGREES///
b 66X 25HVEGREE OF POLARIZATION = 2F7«13BH PERCENT///.
2 11X, 159HA~RAY INTENSITY//
3 22X, 1 1HDATA COUNTS, 14X, 1 IHBEAN CQUNTS/ -
4 6K )5HLEVEL 48X s 6HNUMBER j4X 9 7HPERCENT 08X 9 6HNUMBER 94X 7THPERCENT/ /)
DO 1UY K=ls1l6
N(K) = Q
DO 1UJ L=1436 ‘ . et e et e et e e e e e e e e oo
N(K) =3 NIK} + POLDT{I LK)}
CONVINUE
NDT = 0
NBT = 0
V0 200 K=],8
NDT = NDT + N{K}
K} = K+3
NBT = NBT <+
CONTINVE
DO 30Q K=144
DY = wDdT
FN NIK)
PD (FH/D0T)*100.
BT NBT
FN N{K+8)
Fa {(FN/BT)»#100.
Kl K+8
WRIIE (691002) KeyN(K)yPDyNIKI) PH
FORMAT (BXsi1l,94016,0X3Fbel 48X,[6,5ksF6sl)
CONTINUE
wRITE (651003
FORNMAT (/771X 15HX=RAY PULSATION/ /)
IF (KRFLAGoEWs0) WRITE (6,1004)
FORWAT (6X342HTHIS SOURCE SOES NOT APPEAR TO BE A PULSAR)
IF (KFLAGeNEoQ) WRITE (6,1005) DOMFRW
F005 FORMAT (6Xe41HTHIS SOURCE APPEARS TO BE A PULSAR WITH A/
} 5X,13H FREQUENCY OF yF7e2538H CYCLES PER SECQOND)
RKETURN
END

100

N(KL)
200

U N au

1002
oo

1003

1004

RN IY
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SECTION 3. DATA GENERATION PROGRAM

The Data Generation Program simulates the output of the X-ray polarimeter and
pulsar mode counter. The output of this program serves as the input to the

simulated experiment program.

3.1 Input

The following parameters are input in NAMELIST format for each X-ray source to

be simulated:

NAME <~ Source Identification Code

ITIME - Observation Time at Each Table Position (Seconds)

STEP - Table Step Size (Degrees)

BEGIN - Beginning Table Position (Degrees)

END - Ending Table Position (Degrees)

AMAX =~ Angle of Maximum Polarization (Degrees)

DATAM - Data Count in Plane of Maximum Polarization (Average Data Counts
per Second)

DATAP - Data Count in Plane Perpendicular to Plane of Maximum
Polarization (Average Data Counts per Second)

TOTI =~ Total Intensity (Average Data and Beam Counts per Second)

DEV - Desired Random Deviation of Polarimetry Data (Percentage)

FREQ - Pulsation Frequency (Pulses per Second)

AMP - Pulsation Wave Form Amplitude

PHS - Pulse Height Spread (Percentages)

3.2 Program Flow

Figure 3-1 presents the flow of the Data Gemeration: Program.
|

3.3 Subroutines

The following subroutines are called by the Data Generation Program:

t ) ' v b

] i . (] ' 1 !
RANDOM ~ Random Number Generator
PULSAR - Pulsar Data Generator :
OVRFLO - Polarimeter Buffer Overflow
v | 1 o i . Coad | (

L T T T T L T
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P

Initialize
random number
generator

I

Read number
of sources

Input
Simulation
Variables

for Source »n

i No

LPASS =

Calculate

number of table

positions

END - BEGIN
STE! ‘

Generate
pulsar data
for source
n

Initialize
loop for

Fable position
A

Clear DATA
and BEAM
tables

L

System Development Corporation
M~ (L)~-HU-033/003/00

Figure 3-1. Routine DRIVER
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Compute current
table position
KPOS = BEGIN +
(STEPx(Z - 1))!

System Development Corporation

TM-(L)-HU~033/003/00

COUNT = DATAP + (DATAM-DATAP)+(Sin<2.(BEGIN+(STEP(%—1))+45.-AMAX))(DATAMFDATAP)
2‘ 57.296 2.
Initialize

loop for num-
ber of seconds

of observation

l

Initialize loop to
distribute data and
beam counts to pulse
height bins

|

T = (COUNT) ((RN) (2.)
(RD)+(1.~RD))
(PHS(K))

Sum data and

beam counts
for bin k

Buffer
overflow?

Set overflow
flag

]

No

Yes

Figure 3-1. (Cont.)

Output
overflow
data

Routine DRIVER

Write data
for table
position <
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Subroutine OVRFLO

Purpose: Subroutine OVRFLO outputs overflow polarimeter data and beam

counts and adjust the internal counters accordingly.

Usage: CALL OVRFLO (DATC, BEAM, KPOS)

DATC -~ Data count array
BEAM - Beam count array
KPOS ~ Table position

Storage: 207(8~locations
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Initialize
loop for 8

Data and Beam
buffers

System Development Corporation

KDATA (K)=1023

DATC(K) =
DATC(K)~-1023

KDATA (K)=DATC(K)
DATC(K) = 0

BEAM(K)

Yes

less than
1927

KBEAM(K)=8191
BEAM(K) =

|

KBEAM (K)=BEAM(K)
BEAM(K) = O

BEAM(K)-8191 |

Output
KDATA and
KBEAM tables

( Exit )

Figure 3-2.,

Subroutine OVRFLO

TM~(L)~-HU=~033/003/00
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Purpose:

Usage:

Method:

Subroutines:

Storage:

Subroutine PULSAR

Subroutine PULSAR computes simulated pulsar data as a sinusoidal
\
function of time modified by a normally distributed probability

function.

CALL PULSAR (TOTI, FREQ, AMP)

TOTI

Total Intensity of simulated source
FREQ - Frequency of simulated source

AMP - Peak amplitude of sine wave

Pulsar data is generated as a sinusoidal function of time, i.e.,

_Aawp . (21m(i-1)
F = — sin ( -1 ) + RN

s s th ..., , ,
where i indicates the i—~— millisecond of observation during
period P where

P = (1./FREQ)1000.

and RN is a normally distributed random number between . and

1.0. F is compared against a threshold,
THRESH = 1. - (TOTI/1000.)

If F is greater than or equal to THRESH, Ni is set to 1
indicating an X-ray photon hit during millisecond i; otherwise,

Ni is set to 0 indicating no hit.

PULOUT (Pulsar data output)
RANDOM (Random member generator)

2160(8
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nter

‘Calculate number |
of bits per cycle

1
P = WlOOO

Calculate
threshold

_ TOTI
| T =1-750m0 ]

Initialize
AMPD2 = 5%3
1 1
(H—+

Initialize
loop
J=1,P

Clear pulse

N(I) =

F = AMPDZ(sin@—%lﬁii%l)+RAN(R))

N(I) =

Figure.3-3.

System Development Corporation
3-7 M~ (L)~HU-033/003/00

Pack and
output 1
second of

ulsar dat

Five
seconds
f data?

pulse of
period?

Subroutine PULSAR
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Purpose:

Usage:

Method:

Subroutines:

Storage:

Subroutine PULOUT

Subroutine PULOUT packs and outputs the pulsar data generated
by subroutine PULSAR.

CALL PULOUT (N)

N - Pulsar data array

Pulsar data is packed in string format where 1 bit represents
1 millisecond of observation. All 36 bits of the computer
word, which are read from left to right, are used. One second

of observation is output on tape per call to subroutine PULOUT.

BIN (or operator)

433(8
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< Enter )

N

Initialize
pulse counter
I=1
Initialize
word counter
J = 128
//"
Clear
Output packed
NOUT (J) data to
l tape
Initialize
bit counter ( Return )
K = 1+36

Set appropri-
Yes | ate bit in
NOUT (J)

Figure 3-4. Subroutine PULOUT
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3.4 Sample Input
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Figure 3-5 presents the input data for 4 X-ray sources. These sample cases

correspond to the sample cases presented in Section 2.

$DATA
SINPUTS
NS = 4%
$INPUT
NAME
ITIME
STEP
BEGIN
END
AMAX
DATAM
DATAP
DEV
T6TI
. FREQ =
PHS
AMP
$INPUT
NAME
ITIME
STEP
AMAX
DATAM
DATAP
DEV
ToTI
FREQ =
PHS
AMP
$INPUT
NAME
ITIME
AMAX
DATAM
DATAP
DEV
TOTI
FREQ =
PHS
AMP
$INPUT
NAME
ITIME
STEP

2

10
10.
0.
350.
27.1
200.
100.
.3
250.

4.9

.0§.17,.29,.41,.02,.01,0.,0.
.5

3.6

Io;,.07,.37,.25,.13..10..02,.0
1.

450.

9.7

00§0. gOo 9.02,.]7,.63,.]5’003
v

13
15
5.

b

~

v

Number of Sources

Source 1

Source 2

Source 3

Figure 3-5. Sample Data Generator Program Input
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BEGIN = 0.
END = 175.
AMAX = 11.7
DATAM = 500. N Source 4
DATAP = 400.
DEV = .5
TOTI = 550,
FREQ = 18.1
PHS = .87,.12,.01,0.,0.,0.,0.,0.
AMP = .6$ _
$END

Figure 3-5 (cont). Sample Data Generator Program Input
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3.5 Sample Outpug

Sample output data for two X-ray sources are presented in Figures 3-6 through

0000100008000 00DQODOIDR00 _

10110100010

110010100100

811000000181 001001110100 110300010070 101000070000

000000000000

po0ONN0000G00 000GD0000110

opo00011000%0

101070011010 003110000100 010;{{0010160 00001G10t100

101003003001 0§01 YIt1000 101001100110

£00000000000 _0000000G0000 000000000007 08010000000

tryi10100100

600600000000 000000000000 000000000000 000000CC00000

trrogitogot

010101110000

11117011010%¢

000000000000 0NDOONOOC000 000000000000

010010010010 101101010000

) uuowx!&uonz 240" 340" - 440 — 340 -

3-90

4

k4
4

0

Olhie
L0¢e
4%

oo000600008
$13¥

£

cLLLL-
50000

. qux

L.

100010001101

s 000000000000 000000000000
111700010100 100001710000 011011001000
T 440 440 440
v HOLIMS 3SN3S " £ (4
00000- n0eoL=
60000 hen10
. sax eux
§€-20000000°
00000000000¢ » 10000000000
18 BH

000000000000

000001000000

000001100000

010011000110

110000000110
001000000000
©O1100000001
001070000100

100100001100

75690

001000100001 ©0O000000DDC 000000000000
011117000011 O11771000010 (11007111710 Zheo0
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Figure 3-9.
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3.6 Program Listing

PoLenihibTen parb PULSAR 1ObE COUNTER Lala STHMuULATION RQUTINE
KEi ¢ aLEF - SYSTEM DEVeLUpmeNT CORFOURATION, HUNTOVILLE s ALABAMA
PHUI L Loy=7711

THIS KGUTIME SIMULATES THE QUTPUT UF pil K=FAY POLARLIHETer AND

FULOYARK PLLE (UbLKHTEKS SEe SuUC LUCUMENT TH=(L)=HU=033/000/700 FUK A
VES(RIFTIUM Gf THIS SPACE LUKNE EXPERIMENT,

INbLT VaR]AELES

AR - SCuKCE TUENTIFICLAT ON CUDE o
ITitk = CESERVATION Titht AT EACH TaplE POSITION (SECONDS)

oOTL ¥ = Thwlt STEF SILE (VEGLREES)

BEG:lv = BEOINNING TABLE PUSITION (pLGKEES)

EnND - ENgIMe TAbBLE FOSITiUN (UEGREES) .

AMA 2 - ANGQLE OF MAXIMUM FULARIZATIUN (DEGRLES)
Latein = DATA COUNT IN PeanNt CF nmaklmust POLARIZATION (AVERAGE DATA —-
CULUMTS FER SECORD)

DATpF = DATH COUNT IN PrLaNg PERFENUICULAR Tu PLANE UF MAMIRUHM BN
FOLARTZATION (AVERAGE OATA COUNTS PER SECUND)

101 = TOTAL INTEWSITY (AVERAGE DATA AND BrAM CQUNTS PER SECUND)

LEV = LELLIRED RANDOM LEVIATION UF POLARINMETRY DATA (PERCENTAGE)

FREw - PULSATIUN FREGUENCY (PULSES PEK SECOND) i

AMF - PULOATION wAVE FORM AMPLITULE

FHS - PULLE HEIGHT SPREAD (PERCENTAGES)

UIMEnSTION PRS(8)
Dimtnsion ULaTCLB)
WIMENSTOG BEAM(8)

C
INTEGER LATC
INTLGER BEAM
C
DATH PHS/605ssl0s0)%3020C 008000 lboellsalb/
VAY. RZERO/L/
C
HAMELLST /ZInPUTS/Z NS
NAMEL ST /ZINPUT/NAME I TINE sSTEP yBEGINENDyAMAX,DATAMIDAT AP,
1 TOTI sDEVaFREWyAME (PHS
C
CeonnoallNiTipblet RalbUM KWUMBER GENERATOR
Niv =+ £4b

CALL RhurChn)
CenosseollNFU1l MUNpBbr GF SOUKCES

KEAL AbslhbuTS)

NC &
CoeesoalHELKR FUR LAST SOUKRCE

e Comtinut

NC = e+l

IF tnCetlaly) GO TU 4C0
CoecaahbAlL SIMULATION VAKIABLES FRUM CARUS FUOR | X«RAY SOURCE

REAL (53 INPLT)
CosoessFUOR EACH TApLE PUSITION

IPALS = |
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1P (91EPsEWale) GO JO £5

IPASS = (EMp = LEGINY / STEE + 10001
&b COoNnGANUE
CALL rFULSAR (TUTI FREQ,ANP)
wklit (6330000
1O00 FORATD (LHI 3HPUS 22K, 1 1HDATA COUNTS 47X, 1 JHpEAM COUNTS/)
DO oLl 1®1 1 lPARSS R
F1 = |
DO 50 Msl,8
. DATC (M) = (
50 BEAl (M) = C
KPUS = pEGIN + (STEP * (Fl = }e))
Cubindl = LATAP + (DATAM = CATAR) / 26 + SIN(2e % (BEGIN + (STEP » . .
s (Fl = Jel) + 45 = AMAX) / B7296) = (DATAM = DATAP) / 2
CeogoefF Rl LACH SECOND AT TABLE PUSITION I
DO LG J=1slTIME
Ceaosel]STHRIBUTE DATA COUNTS BETWEEN THE o PULSE HEIGHT ANALYZER BINS. . .
~QF = O
Lo 1ULS k=1sd
CALL RANDOM (K}
INT = COUNT = (R # Ze & (QEV + 1o = DEV) = PHS(K)
DATCIR) = DATC(K) + INT
IF (bATC(K)aGT1023) KOF =
CALL RANDOM (R}
INT = (TOTI = COUNT) % (R % Zs % DEV + le = LEV). % PHS({K)
BEANMIK) = BEAMIK) + INT
IF (bEAMIK)+GT«8191) KOF = |
G0 Cony InUE
CeeeenlF BUFFER OVERFLOW, OQUTFUT DATA
IF (ROUFeb@e)) CALL OVRFLU (DATC,BEAMSKPOS)
200 CONTINUE .
CeoonssUUTHFUT DATA AND BEAM COUNTS FOR TABLE POSITION I
WRITE (BIRFUSSKLEROL(DATCIMIaM=198) 3 (BEAMIN) yM=1,8)
WRITE (6520001 KFOS,(DATCIM) s M=1s8) ,{BEAMIM) ,M=1,8)
200U FORBAT (1X2[3:81743X:817/71
sul Continlt
wg 10 IC e e e e
400 ConNTImNUE
Enw FILE 8
REWIND 8
ENU FILE JIC
REWIND 16
.3TOP
EnD
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\
SULRUUT  NE UVEFFLU (LUATC;0bAaMekPUS)

CoseooWlUltul UVERFLUW DATA AND BLal CUUNTS

C

C

360

400

2400

RIHeNS10n LATO(0) ;BEAMIE) ,0DATA(B) ;KBEAM{B)
INTCOER LATC,bERN
DAT 4 KRONE/Z L/

V0 400 K=lab

IF {(DATCIR) ol.1«102%) 60 TO ;G0
KROATA(K) = 10G23

DATOCAR) = LATCIRY)Y = 1023

QU TV 200

KDATA(K) = LATC(K)

VATCR) = 0

IF (LEANIK) cLTe8192) G0 TG 3GD-
KBLAM(K) = 8191

BEANIRK) = BEAMIK) = 8191

GO 11U 4C0

RBEAMIK) = pEAMIK)

BEATiAK) = 0

COnNY INUE

WRIIE (8) KFOS KOWE, (KDATA UMD sM=1,8) s (KBEAM(M) yM=]28)
WRITE (6226500 KPGSs (KDATA(M) »MZ1 480 (KBEAM(N) sM=108).

FORPFAT (1X13,8173X,817/)
RETUKN . e e )
LENOD

System Development Corporation
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SUpludllick P UL OAR (TOTT bt , ANP)

CooaoaCONFUTE PULSANR STKING DATA

<

C

20

PIde.nSi0h Ne10GO)
\
INTLuULR SLUTS

VATH THUPI/6e2832/
SLUID = (lesFREW!I * 1000

THRESH = la » (TUTI/710006)
AMNPLe ® ANP /2.

I = |

K =

B 1ud JU=ladl0Ty
Wil = 0

X = dJd = |

5 = SLOTS = |}

CALY RANDOMIKI :
TEWME = ARFD2 & SINI{TWUP] * X} / S} + R
IF (TEMNPeGL . THRESH) N(I) = 3

IF iashbE«1000) GO0 TO 100

Catth. PULCUT (M)

IF vhneEQRsH) RETURN

1l = U

K = K+

1l = i+l

G0 U 5C

END
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020uU0000 Yyl QGEOQC0,CHCUOCOCH0L0000C001000000,045000050280000
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SULKRUUTTRE PULOUT (il
C
CossanoACKH PULSER LATA ANp OUTHUT TU TAPE
C
UINbwSTuli RejoQo) NoUT{268) Bl T(36)
WIMLNS JON 'NPRINT (89
C
Dali nti) T /Zu40G0000UCC00,04003CL00C0LO,LI0C0LOC000SL
}
& QiLul0DCCU0,0Ya000L000»L2LLTULOCER .0 L000000CG 040000000
o
“4
H 040 sud0s0lur4s025017
C
I = 1
PO 90 J=1,28
NOUity}r = 0
LO 100 K=lsao .
IF (in(I)eEQe1) CALL BIN(NOUT(J)30436,0,MBITIN)»2)
IF 11«EQel1Go0) qU Ty 200
ios i+l
100 ConiinUE
200 CONTINUE
WRITE (10) (NOUTHINMI,mM=),48)
I = |
D0 1u0Q Jd=1l,84
NPRWT(UY = 0
bg 1000 K= 1,214
RT3 = K#J
AF (L) eERLL) WPRETHJ) = _NPRNT{J)
IF (1eEQe«100GQ) GO TO 2000
I = 3 <« |
JU0U CohlviNUE
2000 CONTINUE

CALL PDUNPC(RPRNT(L) ,NPRNT(64) 40)

RETURN ... ... w e e e e e e e

END
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SECTION 4. SUMMARY

. The X-ray polarimeter experiment of FPE 5.1 was analyzed and developed to the
point where on-board operational software could be designed and implemented
for the acquisition, analysis and display of primary data. The purpose of
this effort was to establish some estimates of computer speed and capacity
required for on-board experiment processing. Since the software was coded in
FORTRAN IV and implemented on the MSFC Computation Laboratory's IBM 7094 1II,
estimates of on-board timing and load factors must be adjusted to take into
consideration the difference in speed and capacity of future on-board

computers and the IBM 7094.

Processing time required on the IBM 7094 to acquire, analyze and display the pri-
mary data for a typical observation sequence of one X-ray source is approximately
33 seconds. Since the acquisition time for simulated data is considerably

faster than for actual real time data acquisition, the total processing

time for data analysis and display can be spread out over the entire

observation sequence. For example, a typical observation sequence of 20

seconds at each of eighteen table positions represents six minutes of

elapsed time as compared to 33 seconds of processing time in the simulated

mode of operation. This would indicate that the processing of the primary

data can be time shared with other experiment operations.

Computer storage was utilized as follows:

Experiment modules 2,600 words
System and library routines 15,500 words
Data and working storage 14,600 words

Total 32,700 words

The Fourier analysis of the pulsar data was limited by the available core
storage of the IBM 7094 to 4096 words of input--just over four seconds of
observation. It would be desirable to increase the data input to 16,384 words
or 16+ seconds of observation to improve the accuracy and reliability of the
analysis process. This is especially desirable for weak sources or sources

with a relatively long pulsation period.
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This study has indicated that real time, on-board processing of primary
experiment data can be beneficial not only in reducing the amount of data
. that must be transmitted, but also in reducing the reaction time to modify

or update the experiment sequence due to unexpected events or experiment

results.
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